The availability of new cell culture, cell transplantation, and gene expression technology has highlighted a role of hepatocytes as facultative stem cells for the biliary epithelium. In addition, hepatocytes can revert to primitive progenitor cell types and express gene profiles that appear as characteristic "signatures" in hepatocellular carcinomas.
INTRODUCTION
tion: Can hepatocytes function as facultative stem cells for other hepatic cell types? Numerous studies in the past have attempted to identify committed, full-time stem cell populations in livers ORGANOID CULTURES subjected to different experimental conditions. In contrast to other tissues, such as skin, intestine, and bone These are cultures derived from collagenase-dissociated hepatic tissue, in which cell proliferation and cell marrow, in which full-time stem cells can be readily identified and present a standard feature of the normal reassociation results in characteristic histology containing all cell types seen in normal liver (3). While the histology, in the liver all cells seen in standard normal tissues perform specific functions unrelated to growth or histology does not include portal triads, it includes a superficial single-cell layer of biliary epithelial cells, mul-to generation of other cells types. Liver regeneration after massive tissue loss [such as partial hepatectomy tiple intermediate layers of hepatocytes and stellate cells, and an attachment layer of endothelial cells. This (PHx)] proceeds through proliferation of all hepatic cell types, undergoing a limited set of proliferative events, histology is standard and reproducible. It is dependent on the presence of corticosteroids (e.g., dexamethasone), enough to restore the lost liver mass. There are several protocols currently in place that block hepatocyte prolif-hepatocyte growth factor (HGF), and epidermal growth factor (EGF). Organoid cultures allow precise studies of eration after PHx. In that scenario, there is active proliferation of small cells with small nuclei ("oval cells") the effect of growth factors and cytokines on formation of hepatic cell types and their association. Analysis of that differentiate to hepatocytes and restore the mass of the organ. Associated studies have shown that these cells the histologic picture (3) and the patterns of gene expression (4) in these cultures has allowed us to draw the originate from the biliary compartment, either the portal ductules or the canals of Herring (7). Treatment with following conclusions: biliary toxins prior to the initiation of the protocols leading to oval cell formation abolishes the appearance of 1. Corticosteroids are essential for the separation of the hepatic and biliary lineages. oval cells. Oval cells have mixed cellular markers, expressing both biliary (e.g., CK19) and hepatocyte-asso-2. HGF and EGF are required for the emergence of the biliary epithelium. ciated proteins (e.g., albumin, alpha-fetoprotein). The above studies have demonstrated that biliary cells can 3. HGF and EGF also control the formation of stellate cells, as evidenced by increased expression of CNS-function as facultative stem cells to generate hepatocytes (1). We designed studies to address the opposite ques-related genes (known to be expressed in stellate cells), S68 MICHALOPOULOS induction of expression of TGF-β1 and type IV col-In current studies (Luo and Michalopoulos, unpublished observations) with human hepatocellular carcinomas we lagen. 4. In the absence of corticosteroids, HGF, and EGF, found that the same matrix profile was also overexpressed in human hepatocellular carcinomas. Other proteins also there is robust proliferation of primitive epithelial cells.
commonly present in both rat hepatic progenitor cells The organoid cultures were the basis for addressing and human hepatocellular carcinomas include pancreatitwo fundamental questions:
tis-associated protein, cyclooxygenase 2, and interleukin-6. Our findings demonstrate that hepatocellular car-1. Facultative Stem Cell Role for Hepatocytes cinomas employ proliferative strategies associated with We demonstrated that the biliary epithelium appearhepatic progenitor cells and that some of these proteins, ing in organoid cultures is almost entirely derived by not expressed in cirrhosis or normal liver, may be suittransdifferentiation of hepatocytes. Organoid cultures able targets for future therapeutic interventions. were derived from rat livers chimeric for expression of Our results from these combined studies demonstrate DPP IV. Expression of this marker is only seen in the that hepatocytes, as well as biliary cells, do have phenohepatocytes of the chimera. In organoid cultures from typic plasticity. While full-time resident stem cells probthe chimeric livers, biliary epithelial cells expressed the ably do not exist in the liver, such progenitor cells can hepatocyte associated marker (5). We further extended be generated in suitable culture systems. Analysis of their these studies in whole-animal models by employing the properties can offer insights on pathways related to liver same chimeric rat liver model. In order to enhance the ontogenesis and oncogenesis. probability of participation of hepatocytes, we administered the biliary toxin DAPM prior to bile duct ligation.
REFERENCES We observed (6) that more than 50% of the portal triads
